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PROCESS DEVICE WITH PROCESS
VARIABLE MEASUREMENT USING IMAGE
CAPTURE DEVICE

BACKGROUND

The present invention relates to industrial process control
or monitoring systems. More specifically, the present inven-
tion relates to process variable measurement in an industrial
process.

In 1ndustrial settings, control systems are used to monitor
and control inventories of industrial and chemical processes,
and the like. Typically, the control system that performs
these functions uses field devices distributed at key locations
in the industrial process and coupled to control circuitry 1n
a control room by a process control loop. The term *“field
device” refers to any device that performs a function 1n a
distributed control or process momitoring system, imncluding
all devices used 1n the measurement, control and monitoring
ol industrial processes.

Some field devices include a process variable sensor used
to sense a process variable. Example process variables
include flow rate, pressure, level, temperature, pH, valve or
motor position, motor speed, actuator position, etc.

Many types of process variable sensors are based upon
intrusive technologies 1 which a sensor must be exposed
directly or indirectly to process fluid in order to obtain the
process variable measurement.

SUMMARY

A field device for monitoring a process variable of an
industrial process includes an image capture device. A
process component exhibits relative motion as a function of
a process variable. The image captures device captures an
image which changes due to the relative motion of the

process component. An 1mage processor coupled to the
image capture device detects relative motion of the process
component and measures the process variable based upon
the detected relative motion. Output circuitry provides an
output related to the measured process varnable.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a stmplified diagram showing a process control
system 1n which the present invention can be implemented.

FIG. 2 1s a cross-sectional perspective view of a vortex
shedding bar placed 1n the flow of a process fluid.

FI1G. 3 1s a graph of position of an extension of the vortex
shedding bar of FIG. 2 versus time.

FIG. 4 1s a simplified block diagram showing a process
field device from FIG. 1.

FIG. 5 1s a simplified electrical diagram 1illustrating one
configuration of an 1mage capture device for use with the
field device of FIG. 4.

FIG. 6 1s a simplified schematic diagram illustrating one
example of processing circuitry for use with the field device
shown 1n FIG. 4.

FIG. 7 1s a simplified schematic diagram illustrating
another example configuration of an 1mage capture device
for use with the field device shown in FIG. 4.

FIG. 8 1s a diagram showing a configuration 1n which an
image capture device moves relative to a reference.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

A process variable of an industrial process 1s measured
using 1image capture techniques. More specifically, imaging,
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2

techniques are used to observe a process component which
exhibits relative motion as a function of a process varnable.
Changes in the captured images due to the relative motion
can be correlated with changes 1n the process variable and
used to measure the process variable. The correlation can be
through curve fitting or other techniques which relate the
relative motion to the process variable. The correlation may
be based on any property of the motion including amplitude,
frequency, spectrum of motion, particular patterns of
motion, the presence or absence of motion, efc.

FIG. 1 1s a simplified diagram showing a process control
or monitoring system 10 which includes a process device 12
coupled to process piping 14. The process device 12 can be
any type of process device such as a process variable
transmitter, controller or a stand-alone device. Device 12
includes an 1mage capture device 100 configured to receive
light or other electromagnetic radiation 104 and thereby
capture 1mages ol a process component 106 as explained
below 1n more detail. Device 12 communicates with a
remote location, such as process control room 16 which
includes a control or monitoring system 19, over a two-wire
process control loop 18. For example, loop 18 can comprise
a 4-20 mA current loop that can also be used to power
devices connected to the loop 18. Data can be carried on
loop 18 1n accordance with any appropriate protocol, for
example, an analog current level which varies between 4 and
20 mA, the HART® communication protocol in which
digital information 1s modulated upon a 4-20 mA current, a
FieldBus or Profibus digital communication protocol, etc.,
including wireless communication techniques. One example
wireless communication technique 1s the WirelessHART®
communication protocol in accordance with the IEC 623591,
Standard Ethernet, fiberoptic connections, or other commu-
nication channels may also be used to implement loop 18.

Many techmiques used for measuring a process variable
require an intrusive technology 1n which a process variable
sensor 1s coupled directly or indirectly to the process fluid.
However, there are situations in which a non-intrusive, or
less 1ntrusive, technology would be desirable to increase
reliability and life span, improve safety, reduce environmen-
tal concerns, reduce costs and increase operational flexibil-
ity. One type of non-intrusive measurement presently avail-
able uses inirared detectors which are capable of measuring
process temperatures at a distance. However, for other
process variables such as tlow rate, level or pressure, sensing
components typically physically couple directly or indi-
rectly with the process fluid. Recently researchers at the
Massachusetts Institute of Technology (MIT) have used
non-invasive video detection techmiques to detect the pulse
ol a patient as blood tlows through the patient’s face based
upon changes in skin color (see MIT News, “Researchers
amplily variations in video, making the invisible visible,
Larry Hardesty, Jun. 22, 2012, http://web.mit.edu/newsot-
fice/2012/amplitying-invisibleOvideo-0622/html).

In example embodiments, a method and apparatus are
provided for measurement of process variables using image
capture devices 100 to capture 1mages of process component
106. The process component 106 exhibits relative motion as
a function of a process variable. Changes 1n captured images
are used to detect the relative motion of the process com-
ponent (displacement, deformation, etc.). These changes are
correlated with a process variable. As discussed below,
various techniques can be used to induce motion 1n the
process component 106 as a function of a process vanable.

In one specific example, an 1image capture device 100 can
be used to measure flow rate 1n a vortex tlow meter. FIG. 2
1s a partial cut away view showing pipe 14 carrying a tlow




US 10,823,592 B2

3

of process fluid. In a vortex flow meter, a blufl body
(shedding bar) 40 1s placed 1n a flow of process fluid. As the
fluid passes the bar, vortexes are created which trail the
shedding bar and alternatively form on either side of the
shedding bar. The frequency at which these vortexes alter-
nate 1s related to the flow rate of the fluid. These alternating
vortexes cause alternating forces to be applied to the shed-
ding bar. By extending the shedding bar to a location outside
of pipe 14, this oscillation 1s transferred to an extension. In
typical prior art configurations, a sensor, such as a piezo-
clectric transducer, 1s physically coupled to the extension to
measure the oscillations. This sensor may ultimately fail due
to continued exposure to mechanical oscillations. In the
example of FIG. 2, process component 106 comprises the
extension which 1s visible to image capture device 100. Note
that the length of the extension can be increased 1n order to
amplify the amount of movement of the extension as the
vortex shedding bar oscillates 1n response to the flow of
process fluid.

FI1G. 3 15 a graph of position of the extension piece 106 of
FIG. 2 versus time. The graph of FIG. 3 represents a
constructed 1image output of a vortex signal detected using a
one-dimensional 1image line sensor and illustrates how a
captured 1mage correlates with two process variables. The
frequency of the waveform in FIG. 3 1s proportional to tlow
rate of the process fluid. The amplitude of the wavelorm 1s
proportional to mass of the process fluid. The captured
images can also be used to deliver diagnostic information.
For example, 1f an anomaly 1n the process fluid moves past
the shedding bar 40, such as a gas bubble, debris, etc., the
wavelorm 1n FIG. 3 exhibits an abrupt change. This may
appear, lor example, as a noise spike 98 which can be used
to trigger a diagnostic output.

Typically, in the configuration of FIG. 2, the vortex
oscillation frequencies will cause process component 106 to
oscillate at between 2 Hz and 70 kHz. Thus, the image
capture device 100 should preferably have a sufliciently fast
capture rate to ensure that 1t 1s capable of capturing move-
ment of the component 106 at the highest frequency of the
vortex shedding oscillations. For example, the Nyquist Sam-
pling Theorem provides a description for the nominal sam-
pling interval required to accurately capture an 1mage of a
moving object. This Theorem states that the sampling fre-
quency should be at least twice the highest frequency
contained 1n the signal to be sampled. This avoids aliasing
problems when performing the sampling. When applied to
image capture devices, this Theorem 1s sometimes referred
to as Nyquist’s Law of Unambiguous Detection Measure-
ment which states that the event being inspected must be at
least three times the diameter of the actual pixel coverage
s1ze 1n order to guarantee that the event covers one full pixel
under any circumstance. Further, in order to ensure that
motion 1s accurately captured, the bandwidth and resolution
of the 1mage capture device must be considered. The fol-
lowing discussion provides a general analysis along with
general estimates regarding 1image capture device require-
ments.

There are many types of devices which can be used to
capture two-dimensional (raster) video images. Typically,
the 1images from such devices are suilicient for capturing
slow moving objects. However, higher speed motion may be
problematic. For example, an area scan camera with a
1,024x1024 pixel sensor resolution operating at a 20 MHz
pixel clock rate requires 52 milliseconds to capture an entire
image. This can be used to determine the maximum fre-
quency detectable. Specifically, with 1,024 pixels per line, at
a 20 MHz clock rate, it would require 51 microseconds to
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scan an entire line. For all 1,024 lines, a total of 52
milliseconds 1s required to capture an entire frame. This
yields about 19 frames per second. According to Nyquist’s

theorem, the maximum detectable frequency would be about
> Hz.

Single line (one-dimensional) line scanners provide an
increased capture rate. Examples of line scanners are those
used 1n a fax machine, a computer scanner, etc. Using a
single line of pixels, the line scanner 1s capable of building
a continuous 1mage due to relative motion between the line
scanner and the image. The vertical resolution 1s therefore
based on this relative motion. For example, a line scanner
can produce a 1,024 by N image, where N continuously
grows as long as the scanner 1s operating. As line scan
cameras output only a single line of pixels per exposure, less
time 1s required to capture the image. Once pixel informa-
tion 1s transierred to an output register, the active pixels are
available for the next exposure. The line scan rate 1s the
reciprocal of the line readout time, or 51 microseconds
grving 19,000 lines per second. The resolution determines
the smallest feature that can be scanned. For example,
scanning one inch with 1,024 pixels yields a horizontal
resolution of 1/1,1024=0.001 inches. In the context of sens-
ing a process variable such as tlow rate, speed of the scanner
1s related to the maximum frequency which can be measured
which 1s proportional to tlow rate. However, to obtain
information related to mass flow, both high speed and pixel
resolution are required 1n order to measure magmtude of the
motion. In this configuration, the maximum detectable fre-
quency of the movement would be about 5 kHz.

Another example 1mage capture device 1s a single pixel
sensor. A single pixel can be used to measure motion as an
object moves 1nto and out of the field of view of the single
pixel. According to Nyquist’s Theorem, a single pixel with
a 20 MHz clock rate, can detect motion at a frequency of up
to 10 MHz.

FIG. 4 15 a simplified block diagram of process device 12
configured to sense a process variable using 1mage capture
device 100 and process component 106. Device 12 can
include an optional process variable interface element 20.
The interface element 20 can comprise a process variable
sensor to sense a process variable 1n addition to the process
variable being measured by image capture device 100.
Similarly, the interface element 20 can comprise a control
clement. Optional interface element 20 couples to optional
interface circuitry 22 which can function as control circuitry
or measurement circuitry based upon the configuration of
device 12. For example, when configured as measurement
circuitry, interface circuitry 22 can comprise an amplifier,
analog to digital converter, filters, etc. A sensed process
variable can be provided to microprocessor 24 or other
digital circuitry which operates 1n accordance with 1nstruc-
tions stored 1n, for example, memory 26. When interface
clement 20 1s configured as a control element, interface
circuitry 22 operates by providing a control signal to ele-
ment 20. This can be based upon, for example, an output
from microprocessor 24 and thereby responsively used to
control operation of the process. For example, microproces-
sor 24 can cause a valve of the process to open, a heating
clement to turn on, etc. Memory 26 stores data or other
information and may optionally contain permanent memory.
Microprocessor operates at a rate determined by clock 28.
Input/output circuitry 30 1s used to couple microprocessor
24 to process control loop 18. In some configurations, 1/0O
circuitry 30 also provides a power output which 1s used to
power circuitry of the process device 12.
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When process device 12 i1s configured as a process
controller, the 1image capture device 100 can be used to
provide feedback for use in controlling the control element
20. For example, the image capture device 100 can be used
to obtain a process variable measurement. The measured
value of the process variable 1s then used to change the
control signal applied to the control element 20. The process
variable may be a process variable related to a process fluid
such as pressure, temperature, tlow rate, etc., or may be a
process variable related to the control element itself such as
valve position, motor speed, motor position, actuator posi-
tion, etc.

As discussed above, 1mage capture techniques are used to
obtain process variable information from an industrial pro-
cess. Image capture device 100 1s arranged to receive light
or other electromagnetic radiation 104 from process com-
ponent 106. Device 100 1s preferably directional and
includes at least one radiation sensor. Device 100 may be an
individual (discrete) sensor or may comprise a plurality of
sensors fabricated 1n a single device. The output from device
100 15 provided to processing circuitry 102 which provides
a processed output to the microprocessor 24. For example,
processing circuitry 102 can include amplification circuitry,
noise reduction circuitry, an analog to digital converter,
comparison circuitry, etc. The output from processing cir-
cuitry 102 1s provided to microprocessor 24 1 a digital
format. Processing circuitry can be implemented 1n device
100, as separate circuitry, or by microprocessor 24 and can
be analog to digital circuitry.

FIG. 5 shows one example configuration of 1mage capture
device 100 formed by individual sensor 120 which provides
a single pixel output. Sensor 120 1s arranged to recerve light
or other electromagnetic radiation 104 from component 106
which passes through an optional lens, filter, or other ele-
ment 130. In the configuration shown in FIG. 5, sensor 120
1s formed using radiation sensitive transistor 132, which
couples to electrical ground through resistor 122. Transistor
132 1s coupled to a positive power supply voltage and
provides an output to processing circuitry 102 shown i FIG.
4 upon receipt of suflicient light or other electromagnetic
radiation 104 to turn transistor 132 “‘on.” This output can
comprise a pulse each time component 106 moves 1nto or
out of the field of view of sensor 120. Although a transistor
132 i1s illustrated, other image sensing technology may be
used including photo diodes, charge coupled devices
(CCDs), CMOS devices, etc. Further, depending upon the
type of sensor being used, additional information may be
collected such as color (frequency of the recerved radiation)
as well as signal amplitude. This information may also be
correlated with process variables in some configurations.

FIG. 6 1s a schematic diagram of one example configu-
ration of processing circuitry 102. In the embodiment shown
in FIG. 6, processing circuitry 102 includes a comparator
140 which receives an output from sensor 120. In the
configuration shown 1n FIG. 6, 11 the output from sensor 120
1s suiliciently different from a reference, comparator 140
provides a high logic level output to microprocessor 24. I
desired, optional controllable offset circuitry 142 can be
implemented. In the illustrated embodiment, circuitry 142 1s
implemented using resistor 144 and variable resistor 146.
The frequency of the output provided to microprocessor 24
1s related to movement of the process component. For
example, 1f the process component 106 comprises an exten-
sion such as that, shown in FIG. 2 when the extension moves
into and out of view of sensor 120, processing circuitry 102
provides a pulse output to the microprocessor 24. These
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pulses are at the frequency of the oscillations of the vortex
shedding bar 40 and thereby correlated to flow rate.

FIG. 7 1s a simplified block diagram of another example
implementation of 1mage capture device 100. In the embodi-
ment of FIG. 7, device 100 comprises an array of sensors
120-1 . . . 120-N. This array may, for example, be a
one-dimensional linear (line scanner) array or a two-dimen-
sional matrix (raster). As illustrated in FIG. 7, light or other
clectromagnetic radiation 104 from component 106 1is
directed at the array whereby diflerent sensors 120 are
activated. Processing circuitry 102 receives information
related to the intensity of the radiation received by each of
the sensors 120. In one configuration, each of the sensors
120 simply provides an output 11 the electromagnetic radia-
tion 104 exceeds a threshold. In another configuration, the
output from each of the sensors 120 1s indicative of the
magnitude of the received radiation. In another example, the
output from each sensor 120 i1s related to the wavelength of
the received radiation. Thus, magnitude and/or wavelength
ol the received radiation 104 can be used to detect relative
motion of the process component 106 and thereby correlated
with the process variable. The output 1s provided to the
microprocessor 24 through processing circuitry 102 which
may comprise an analog to digital converter or other image
processing circuitry.

Processing circuitry 120 or microprocessor 24 can detect
motion based upon changes 1n an 1mage, for example based
upon comparison to a threshold or a relative comparison
between various regions in a captured image. In another
example configuration, a baseline 1mage 1s stored in memory
26. Changes 1n a captured image with respect to the baseline
image are detected and used to sense motion of the process
component 106. The detection of motion of the process
component 106 can be based upon outputs from one or more
individual sensors (pixels), or may be a function of a
relationship between the outputs of multiple sensors. Com-
paring sensor outputs may be used to assist in the reduction
of erroneous measurements due to background noise, ambi-
ent light conditions, etc.

Although measurement of vortex shedding frequency or
magnitude 1s described above, other process variables may
also be measured. For example, fluid level can be measured
with a process component 106 configured as a tloat which
floats 1n a process fluid 1n a container. Position of component
106 1s related to fluid level. Position of the float can be
detected by capturing an 1image and locating the float posi-
tion 1n the 1image by monitoring changes 1n the image as the
float moves up and down with the fluid level. In another
example, position can be detected by providing component
106 with a reflectivity that varies across its surface. The
variations 1n retlectivity will cause the amount of reflected
radiation 104 which reaches device 100 to vary as the
component 106 moves with the fluid level. These amplitude
variations are sensed by device 100 and are a function of
fluad level. Similarly, color variations can be provided across
a surtace of process component 106 which can be detected
by detector 100 and correlated with movement of the
process component 106. Texturing of process component
106 may also be employed to enhance detection of move-
ment.

Other types of mechanical motion can detected and used
to measure process variables. Such motion includes motion
from motors, mixers, valves, actuators, vibrators, lifts, etc. If
component 106 rotates, process variables such as speed
(RPM) and angular position can be determined based upon
the observed motion. Motion due to mechanical expansion
or contraction can also be detected and used to measure
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pressure, temperature or level changes. Example motion of
a repetitive nature which can be used to obtain a process
variable includes motion due to flow passing a vortex
shedding bar or due to the Coriolis effect. Motion due to
vibrations can be observed and used to determine a process
variable. In another example, changes 1n a shape of a storage
tank are observed and correlated with fill level 1n the tank in
a manner similar to a strapping table. Stmilarly, pressure can
be determined by detecting motion due to deformation of
piping acting as a Bourdon tube. In yet another example
embodiment, motion of the process component 1s due to an
applied weight or force 1s detected. In such a configuration,
the value of the applied force or the amount of the applied
weilght 1s related to amount of motion of the process com-
ponent. For example, a weight or force applied to an end of
an elongate armature will cause the end of the armature to
move. The amount of movement 1s related to the applied
weight or force and the stiflness of the armature. In another
example, a process component with a large temperature
coellicient can be used to measure temperature as the
component expands or contracts with temperature.

Motion of component 106 can be amplified or otherwise
its signal strength increased using appropriate techniques.
For example, a mechanical extension on an element acts as
a lever arm to increase the amount of movement. Techniques
can be used to enhance detection of motion including
utilization of different surface colors or changes 1n surface
texturing. In order to reduce noise which may lead to the
false detection of movement, reference marks or other
indicators may be provided on a surface. The thickness of
walls or other components may be reduced to thereby
increase the amount they move (deflect or deform) when a
force 1s applied. An optional lensing system 130 can provide
magnification or filtering to the image.

The signal from the process component 106 travels by
clectromagnetic waves 104 to the image capture device 100.
Any approprate frequency (wavelength) range may be used
as appropriate including infrared, visible and/or ultraviolet
radiation. An optional radiation source 200 shown in FIG. 7
directs light or other electromagnetic radiation 202 onto the
component 106. Radiation source 200 can be used when
ambient radiation 1s too low to suiliciently illuminate pro-
cess component 106 for image capture by device 100. The
radiation source 200 optionally operates under the control of
microprocessor 24 or other circuitry. This control can be
used, for example, to reduce the power provided to radiation
source 200 during idle periods or during periods 1n which a
large amount of 1llumination of the process component 1s not
required. In another example configuration, the frequency of
the radiation 202 provided by radiation source 200 can be
selected. This can be used to i1lluminate the process com-
ponent with radiation which 1s different from the frequency
of ambient light or other electromagnetic radiation 1n order
to reduce noise 1n the received image. In another example
configuration, different color process components 106 can
be selectively captured by changing the frequency of radia-
tion 202. This allows multiple process variables to be
obtained from a single 1mage capture device.

The 1image capture device can comprise any appropriate
image detector or array including a zero-dimensional (single
pixel sensor), line (one-dimensional array), raster (two-
dimensional array) or cube (three-dimensional array). Fur-
ther, combinations of these various types of arrays may also
be mmplemented. The 1mage capture device 100 may be
implemented using standard video camera technology, or
other technologies including inirared cameras, etc. In some
configurations, a single image capture device 100 can be
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used to capture images of multiple components to detect
theirr motion and thereby determine multiple process vari-
ables.

Once the 1mage has been captured, the processing cir-
cuitry 102 or microprocessor 24 may perform additional
computations on the captured image. Example signal pro-
cessing techniques include using a Fast Fourier Transform
(FFT) to process the image to obtain frequency related
information, using derivatives or the like to 1dentily motion
in the 1image, digital filtering techniques to reduce noise, and
amplitude enhancing techniques to increase sensitivity. Anti-
aliasing techniques may also be employed to reduce erro-
neous readings. Diagnostic algorithms can 1dentify a failing
component or other diagnostic condition 1n the process. A
diagnostic algorithm can also detect a failing components 1n
the 1mage capture device 1tself, such as failing pixels.

Techniques may be used to increase the resolution of an
image capture device. For example, regions of interest, such
as, regions where a change 1s occurring, can be scanned at
a higher rate than regions 1n an 1mage where no change 1s
occurring. Note that an 1image capture device which 1s used
to capture motion should be sufliciently stabilized such that
its own motion due to vibrations or the like does not
introduce errors 1n the measurements.

In the above discussion, reference 1s made to obtaining
images ol a process component which moves, however, the
discussion 1s applicable to relative movement due to motion
of a process component. More specifically, in the above
discussion the 1mage capture device provides a reference
location from which motion of the process component 1s
observed. In another example configuration, the image cap-
ture device 100 moves with the process component 106 and
captures an 1mage ol a reference element. For example, 1n
FIG. 8 device 100 1s shown as being carried on process
component 106. Image capture device 100 1s positioned to
view an 1mage reference 220 carried by reference support
222. As the process component 106 moves, the image
capture device 100 moves in tandem. This movement can be
observed by viewing the reference element 220 with the
device 100. The reference clement 220 may include the
various 1mage enhancing techniques described above with
respect to the process component. As 1t 1s the relative motion
which 1s detected, 1n some configurations 1t may be desirable
for the 1mage capture device, process component and/or
reference element to be mounted to the same reference frame
whereby movement caused by ambient vibrations, etc., will
not be detected.

A measured process variable can be transmitted over any
appropriate process control loop and communicated to a
control system as desired. This allows standard control and
monitoring systems to utilize an 1mage capture device 100,
including a safety system over layer or the like. The use of
an 1mage capture device 100 provides a number of advan-
tages over many competing technologies including a less
invasive configuration, low cost, low power, simplified
installation and limited user configuration.

Although the present mvention has been described with
reference to preferred embodiments, workers skilled in the
art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
invention. Although the term “image” has been used herein,
the present mvention may utilize any appropriate frequency
or frequency range radiation. This includes visible light,
infrared and ultraviolet radiation. In general aspects, a
process variable 1s measured using relative motion of a
process component. This includes observing motion that
occurs in which the amount or manner of the motion 1s
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related to a process variable, motion 1 which the rate or
speed of the motion 1s related to a process variable as well
as configurations in which the shape or contours of a process
component change as a function of a process variable,
among others. As used herein, the term “motion” includes
displacement type motion, deformation or shape changes,
vibrations, repetitive motion, linear or non-linear motion,
etc. The value of a process variable can be correlated to the
detected motion using empirical or modeling techniques as
desired. However, any appropriate technique may be
employed including, for example, neural networks or the

like.

What 1s claimed 1s:

1. A field device for monitoring a process variable of an
industrial process, comprising;

a mechanical process component which exhibits relative
mechanical motion with respect to a reference as a
function of the process variable, wherein the process
variable comprises a process variable of a process fluid
and the process variable causes the relative mechanical
motion of the mechanical process component by apply-
ing a force to the mechanical process component,
wherein the relative motion comprises deformation or
repetitive motion;

an 1mage capture device configured to capture an 1mage
which changes due to relative motion of the process
component;

an 1mage processor coupled to the image capture device
configured to:
detect relative motion comprising deformation or

repetitive motion of the process component based
upon the captured image; and
indirectly measure the process variable based upon
detected relative motion; and

output circuitry coupled to the image processor config-
ured to provide an output related to the measured
process variable;

wherein the process variable 1s selected from the group of
process variables consisting of pressure, temperature,
flow rate, level, speed, and mass wherein the detected
motion comprises a frequency or an amplitude of the
relative motion.

2. The field device of claim 1 wherein the relative motion

comprises displacement of the process component.

3. The field device of claim 1 including a radiation source
configured to 1lluminate the process component and wherein
the 1mage capture device receives an 1mage of the process
component 1lluminated by the radiation source.

4. The field device of claim 1 wherein the 1mage capture
device comprises a single pixel sensor.

5. The field device of claim 1 wherein the 1mage capture
device comprises a line scan sensor.

6. The field device of claim 1 wherein the 1image capture
device comprises a two-dimensional array.
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7. The field device of claim 1 wherein the 1mage processor
1s Turther configured to perform diagnostics on the industrial
process based upon the captured image.

8. The field device of claim 1 including a memory
configured to store a baseline 1image for use by the image
processor 1n detecting relative motion of the process com-
ponent.

9. The field device of claim 1 wherein the 1mage capture
device captures an 1mage of the process component.

10. The field device of claim 1 wherein the 1image capture
device moves with the process component and captures an
image of a reference element.

11. The field device of claim 1, including a control
clement used to control the industrial process based upon a
control signal and wherein the control signal 1s a function of
the output related to the measured process varnable.

12. A method for monitoring a process variable of an
industrial process using a field device, comprising:

placing a mechanical process component 1n the industrial

process which exhibits relative mechanical motion with
respect to a relference as a function of the process
variable, wherein the process variable comprises a
process variable related to a process fluid and the
process variable causes the relative mechanical motion
of the mechanical process component by applying a
force to the mechanical process component, wherein
the relative motion comprises deformation or repetitive
motion;

capturing an image which changes due to relative motion

of the process component, the relative motion related to
the process variable;

detecting the relative motion of the process component 1n

the captured 1mage;

indirectly measuring the process variable based upon the

detected relative motion; and

responsively providing an output related to the process

variable;

wherein the process variable 1s selected from the group of

process variables consisting ol pressure, temperature,
flow rate, level, speed, and mass wherein the detected
motion comprises a frequency or an amplitude of the
relative motion.

13. The method of claim 12 wherein the relative motion
comprises displacement of the process component.

14. The method of claim 12 wherein the detected motion
comprises an amplitude 1n the captured 1mage.

15. The method of claim 12 including illuminating the
process component with a radiation source.

16. The method of claim 12 including performing diag-
nostics on the industrial process based upon the captured
image.

17. The method of claim 12 including storing a baseline
image 1 a memory for use in detecting relative motion of
the process component.
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